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CONSUTTANTS GROUP

GEOLOGY ENGINEERING ETWIRONMENT FTYDROLOGY

MaY 15, 1991

Mr. Lyle Stott
Engineer
Utah Bureau of Water Pollution Control
288 North 1460 West
Salt lake City, Utah 8411G0690

RE: Report on Results of Clay Liner Investigation Methods - Tenneco Minerals Company

Goidstrike Mine Barren Solution Pond

Dear Mr. Stotu

onAprill.8,lggl,JBRConsultanuGroupandTennecoMineralsCompany
personnel conductJan invistigation of the clay line-r-beneath tJre barren solution pond at

the Goldstrike Mine. The meth;dolo$/ and results of this investigation are discussed below'

Methodolory

Since the sampling methodolory used in the investigation of the release from the

leach pad #L sump Lr"i ** found-io be effective, the general methods of clay liner

investigation emptJyeO there were also used for the barren Po19',' -l-bl::i:::: 
tf

construction conditions revealed that the pond was constructed entirely on sngineered fill

material an4 tnai the pre-construction ierrain could not be expe.cted to reslll- in any

localized differential sigrifrcant setflement or compaction' In addition, a review of the

engineering tertiojAata?o. the pond foundation revealed that the construction specifications

were met. fte roiegoing factois resulted in the conclusion that there are no definable sites

or zones that would result in differential settlement or compaction within tl: q9"d

foundations. The criteria for sample site selection were determined to be observable lrner

rretness or moistness and adequate and representative cOverage ofthe entire surface area

of the pond bottom.

The sites chosen for s'mPling are shown on the attached location map' Sites #1

through #5 were clustered near the Jouthwest corner of the pond in the vicinity of the leak

detection sump and where the greatest hydraulic headrvouid have developed in the leak

detection system.. T'he remaininlg samples were arrayed across the pond bottom to assess
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moisture impacts up-slope from the sump. Evidence of wetness or excessive moisture in the

clay liner was detected [i caretuffy walki{rg over the ponlboioP' As was learned during

the leach pad #1 investigation, wetness r1 clay beneath FML is readily noted underfoot'

Detectable wetness was Joncentrated in ttre vicinity of the sump' The eleven sample sites

provide a sufficient nuo,U"i of samples-to -afequatefy 
assess thi Presence of contaminants

in the clay liner ,,"irlctr coJO have iesulted aom teairage of cyanide. solutions through the

FML The sampling is not Beant to be representative-of the overall clay linersince it was

purposety skeweA t6ward areas of most probable contamination as evidenced by wetness'

At each sample site a 4 to 5 inch square of FMI. geogrid,- and geofabric was cut away

to expose the clay liner. Sampling was accomplishe-d tlsing i soil auger' ln general' samples

were taken continuously U"'g"tiiog witn tfrl 0-3" inteial, then the 3-6' intewal' and

continuing u, uppro*i*Jtay?i""fii"tervals' Augers w-ere-thorouglty "1"u1?d-b"y::"
samples. Each bore hole was advanced until auler refusal was reached' Hole depths

ranged from 12 to 22 inches. Boreholes were pluggid yS 9?*"tite- Samples were placed

in wide-mouthea pUstic iottles, cooled, anO st Uiltted for laboratory analysis for total and

WAD cyanide, Au, Ag, and Zn. Th9 -thr9e 
metals were chosen because they may be

expected to Ue preseni'i" tft" recycled leach solutions and are less lftely to be found in

naturally high concentrations in the clay, as would be the case with many other metals'

Results

Theresultsofthechemicalanalysesfortheelevensamplesareshownonthe
accompanying laboratory analytical rePorts and are summarized on the attached table'

lnspection of the table d"-ooit 
"t"" 

that ryanide, either T t-otal 9r weak acid dissociable

(wAD), is with *o pottiuf" exceptions pi r, 6-6" and BP- 6' 3-10')' encountered only in

the upper six inches ui"o"n ,uropt'" location. 'i1.e samples-from the upper intewal of each

bore hole encountered measurable concentratioot ol wap and total cyanide' --The
maximum total cyanide concentration in any sample is 4'4 ppm' The maximum WAD

cyanide concentration in any sample is 0'85 ppm'

Gold was undetectable in all samples. silver was encountered only in one.simple'

the upper 3 inches of sample BP 6. The reaions for no detection of precious t"t^I va!e1

in most samples is probably the result both of low concentrations in the barren solution and

the attenuation of tnes" nietals by the clay near the points of release through the flexible

membrane liner.

Results of zinc analyses show a general trend toward decreased zinc concentrations

with depth in most bore holes. HowevJr, the changes in concentration are relatively subtle

and are undoubtedly Oue in part to natural variatiSns in the zinc content of the clay' The

mean concentration of zinc in all of the samples taken is 37.7 ppm. This is very close-to.the

mean zinc concentration found in clay trortons of soils in tfrb vicinity of the po.;rd. sites'

Results of a soil .*ptlrrg program in the area yrelded 
-u 1"T concentration of zinc of

approximately 41.7 ppm. Given the low concent;tions of zinc in the liner samples and the -

similarity to natural .'on."nnutions of zinc in the clays in the area, it is not certain whether

or not the observed decreases in zinc concentration with depth in the clay liner are real or



t
coincidental. The overall trend does, however, suggest that zinc from the barren solution

may have been attenuated by the clays in the upper one third of the liner.

In addition to the chemical anallnes, observation of moisture in samples dunlg

sampling indicated that only the upper 3io 6 inches of clay in each boring appeared to be

excessively moist due to wstting from the barren solution leakage. The lower samples from

each boring displayed relativelilow moisture contents as would be expected based upon the

compaction specification for the liner.

Conclusions

The results of this investigation indicate that the impacts from the release of ryanide

solution from the primary liner lystem of the barren solution pond were confined virtually

to the upper 6 incies otitre ctayiiner. Therefore, uP to 6 inches is the maximum depth of

contamination in most borings. The results of the entire suite of chemical analyses indicate^

that the impact of the solution release was confined entirely within the upPer one thjrd. of

the clay liner system. This investigation lelded no evidence of any release of cyanide

solutions to the environment from the barren solution pond; consequenrly' it is our opinion

that corrective action for the clay liner is not warranted'

Please feel free to contact me should you or others in the Bureau have any questions

regarding this investigation or its results.

Vice President

IC Klu}sdahl, Tenneco Minerals Conpany
D. Brannurq Tenneco Minerals Company



Tenneco Goldstrike Mine
Resu:ts for Barren Pond, Clay Liner Samples

DePth North*
Sample (in.)' (ft)

IIAD Total Total Total
Cyanide Au Ag 'Zn
(ng/Kg) (sre/Ke) 1ng/KS) (stg/Kg)

lota I
East* Gyanide
(ft) (ng/Ke)

BP-l 0-6
BP-l 6-9
BP-1 9-12
BP-2 0-3
BP-z 3-6
BP-z 6-9
BP-3 0-3
BP-3 3-6
BP-3 6-9
BP-4 0-3
BP-4 3-6
3P-4 6-L2
BP.4 L2-L4
BP-5 0-3
BP-5 3-6
BP-5 6-13
BP-6 0-3
BP-6 3-L0
BP-6 10-16
BP-6 16-18
BP-7 0-3
BP-7 3-6
BP-7 6-L2
BP-7 t2-16
BP-7 t6-22
BP-7 22-25
BP-8 0-3
BP-8 3-6
BP-8 6-L2
BP-8 lz-Ls
BP-9 0-3
BP-9 3-6
BP-9 6-12
BP-10 0-3
BP-10 3-5
BP-10 6-L2
BP-10 ].'2-L5
BP-11 0-3
BP-1L 3-6
BP-l1 6-12

7( 1

tr
tn

8.0 1.5
a!

tn

3.0 15.5
tlr

i,

1a 1l
tr

ti

ri

2L.5 3.5
!r

4L.5 4 .5

t|r
nt

29.5 30.0
tl

it

It|r

It!

it

7.5 48

It

rl

29.5 52
ti

in

50 33
i|'

ai

tl

50 65.5
tn

0.87
0.82
<0.2
1.5

0. 33
<o.2
2.7

0.34
<o.2
2.8

0.55
<0.2
<o.2
1.4
2.4

<o.2
3.8
1.8

<o.2
<0.2
4.4
1.9

<o.2
<o.2
<o.2
<o.2

3.7
10

<o.z
<o.z

3.1
<o.2
<o.2

3.5
0.5

<o.2
<0.2

3.1
o.29
<o.2

0.85
<o.z
<0.2
<o.2
<0.2
<o.2

<o.2
<0.2
0.4

<o.2
<0.2
<o.2
0 .52
<0.2
<o.z
1.0

0.53
<o.2
<o.2
0.33
<o.2
<o.2
<o.2
<o.2
<o.2
0.4

<o.2
<0.2
<o.2
<o.2
<o.2
<o.2
3.0
0.4

<o.2
<o.2
2.6

<o.2
<o.2

<0.1
<0.1
<0.1
<0.1
<0.L
<0.1
<0 .1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.L
<0.1
<0,1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.L
<0.1
<0.1
<0.1
<0.1
<0. L
<0.1
<0 .1
<0.1
<0.1
<0 .1
<0 .1
<0.1
<0.1
<0.1.
<0.1
<0. L

<0.1
<0.1
<0.1
<0.1
<0.1
<0 .1
<0.1
<0.1
<0.1
<0.1
<0 .1
<0.1
<0 .1
<0.1
<0,1
<0.1
0.14
<0.1
<0.L
<0 .1
<0 .1
<0.L
<0.1
<0 .1
<0.1
<0.1
<0.1
<0.L
<0. L
<0 .1
<0.1
<0.1
<0.1
<0 .1
<0.1
<0.1
<0.1
<0. L
<0.1
<0.1

52.L
37 .7
4L.4
49.4
42.2
38.2
46.8
47.5
15.3
3s.5
55.7
42.3
30.8
43.8
39.8
2.5.3
33.2
56.7
32.2
26.O
43.0
40.6
36.5
28.4
16.4
26.4
49 .5
40.8
36.1
30.5
31.7
39.6
34.6
58.9
2r.6
35.4
37 .4
38.4
37 .O
31.9

Distance from botcom southlte st corner of pond.
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TO: JBR Consultants
16'iz-n. Fort union BIvd' sre 209

i"it t.t" CitY, Utah 84121

CERTIFICATE OF ANALY$TS

SA.['{PLE ID:

LAB #:

PARAMETER

Cyanide as cN-T' nglKg

hrIU vJ iatl r Uc

GoId as Au (T), ng/Kg

j^-...:' , 1ltT\ -? '/L:l

Zinc as Zn (T), rn€lK6

BP-1
0-6 n

u062523

0. 87

<.1

<.1

52.t

BP-1
6-9'
u062524

o. :'

<.1

3i .7

BP-1
g-L2"
u062525

<.2
1,

<.1

41.+

BP-2
0-3 ''
u062526

1.6
<.2

<.1
t1

'rY. .

Hetrde rson



cthMrEdll
ANALYTICAL IABORATORY

61OO S. STRATLEB
MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262-7378

TO: JBR Consultants
1952 E. Fort Union Blvd. STe 209

Salt Lake Citv, Utah 84121

DATE SUBMITTED: 4-19-91 - Tenneco Barren Pond Liner

CERTIFICATE OF ANALYSIS

BP-2
J-O
uo62527

0. 33

<.2

<.1

<.1

42.2

BP-2
6-9 "
u062528

<.2

<.2

<.1

<.1

38.2

DATE: 5-07-91

BP-3
0-3 "
u062529

1.0

<.1

<.1

46. I

BP.3
3-6 t
u062530

0.34

<.2

<.1

<.1

47 .5

SAMPLE ID:

tAB *:
PARAMETES

Cyanide as CN-T' mg,/Kg

I{AD Cyanide as CN' ng,/Kg

GoId as Au {T) , ng/KE

Silver as Ag (T), nq/KS

Zinc as Zn (T) , rnglKg

H ende rson
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MUFIRAY. UTAH 84107
PHONE: (801) 262'7299

FAX: (801) 262'7378

TO: JBR Consultants
1952 E. Fort Union Blvd' STe 209

Salt Lake CitY, Utah 84721

DATE SUBMITTED: 4-19-91 - Tenneco Baren Pond Liner

CEBTIFICATE OF ANALYSIS

BP-3
6-9 "
u062531

<.2

<.2

r1\.I

15.3

BP-4
0-3 "
u062532

2.8

0.4

<.1

DATE: 5-07-91

BP.4
3-6 "
u062533

0. 55

<.2

<.1

Jl, t

BP-4
6-12'l
u062534

<.2

,.:

<.1

SAMPLE ID:

LAB #:

PARAMETER

Cyanide as CN-T' org,/Kg

I{AD Cyanide as CN' ng,/Kg

S; t,rer a.s Ae (T) , mq/KE

Ziuc as Zn (T) 
' rnEll(B

Hetrderson
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TO: JBR Consultants
1952 E. Fort Union Blvd. STe 209

Salt Lake CitY, Utah 84tZL

DATE SUBMITTED: 4-19-91 - Tenneco Banen Pond Liner

CERTIFICATE OF ANALYSIS

BP-4
L2-!4"
u062535

<,2

<.2

<.1

?0 e

BP-5
0-3 "
u062536 '

1,.'t

0.52

<.1

n lTF. d-n7-91

BP-5
3-6 "
u06253?

<.2

<.1

39. 3

BP-5
6-13 "
u062538

<,2

<.2

<.1

rR 'l

SAI'IPLE ID:

LAB #:

PABAUETEB

Cyanide as CN-T' mg,/Kg

WAD Cyanide as CN' mg,/Kg

Gold as Au (T), mglKg

SiLver as Ag tf/' oBlr'E
,1 ',l Q

--= .../
( Rex l{enderson
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ANALYTICALIABORATORY

-l] 61OO S. STRATLER
MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262'7378

TO: JBR Consultants
1952 E. Fort Union Btvd' STe 209

SaIt Lake CitY, Utah 8412L

DATE SUBMITTED: 4-19-91 - Tenneco Barren Pond Liner

BP-6
3-10"
u062540

1.8

U. CJ

<.1
/1

30.,

DATE: 5-07-91

BP-6
10-16 "
u062541

<.2

<.1

<.1

32.2

BP-6
16-18 "
uo62542

<,2

<.2

<.1

<.1

26. 0

SAMPLE ID:

LAB #:

PARAMETER

Cyanide as CN-T, ng,/Kg

WA-D Cyanide as CN' ng,/Kg

Gold as Atr (T)' nglKg

SiLver as Ag (T) ' n*/KE

Zinc as Zn (T)' nrBlKS

CEBTIFICATE OF ANALYSIS

BP-6
0-3 "
u062539

J.O

1.0

<.1

0. 14

33.2

llencie rson
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TO: JBR Consultants
1952 E. Fort Union BIvd. STe 209
SaIt Lake CitY' Utah 84121

DATE SUBMITTED: 4-19-91 - Tenneco Barren Pond Liner

CEIi'I'l !'1uA'I r; u!,,u!Al,1p1 p

o rLlu ). J I hA lLt:n

LI

DATE: 5-07-91

SAMPLE ID:

LAD ;:

P1P 4l'iE'f F P

Cyanide as CN-T' ng,/Kg
--,- - ,. .r -! -- ^\' --'11: ^

Gold as Au (T), n'/KE

.)l.-l.veI <iS ,r5 q1/r !15/ r\;

?i,,.- r. ",. 
t.t. \ ng/{q

BP-?
0-3 "

1.4

<.1

43.0

BP-7
J-O

Iq

/1

.!n a

BP-7
6-72"

BP_7
12-16 ' 

I

<.2

<.1

28.4

<.2

1,

<.1

.1b. J

Hende rson
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6100 S. STBATLER
MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262-7378

DATE: 5-07-91

TO: JBR Consultants
1952 E. Fort Union Blvd. STe 209
Salt Lake CitY' Utah 84121

DATE SUBMITTED: 4-19-91 - Tenneco Bamen Pond Liner

CERTIFICATE OF ANALYSIS

SAMPLE ID:

LAB *:
PARA}IETEB

Cyanide as CN-T' Dg,/Kg

WAD Cyanide as CN' ing,/Kg

Gold as Au (T), u*/KE

Silver as Ag (T), nE/KE

Zinc as zn (T), wE/KE

BP-7
!6-22"
u062547

<,2

<,2

<.1

<,1

16.4

Dr- (

22-2,5"
u062548

<,2

<,2

<.1

26.4

BP-8
0-3',!
u062549

3.7

0.40

<.1

<.1

49. 5

BP-8
3-6 x

u062550

1.V

<,2

<.1

<.1

40.8

Henderson



n- cfiEMTEbH
I fE ANALYTtcALt-4BoRAroRv-l] 6100 S. STRATLER

MUBBAY, UTAH 84107
PHONE: (801) 262'7299

FAX: (801) 262-7374

DATE: 5-07-91

JBR Consultants
1952 E. Fort Union BIvd. STe 209
Salt Lake City' Utah 84121

DATE SUBMITTED: 4-f9-91 - Tenneco Barren Pond Liner

CEBTIFICATE OF ANALYSIS

SAI'IPLE ID:

LAB #:

PARA}IETER

Cyanide as CN-T' mg,/Kg

I{AD Cyanide as CN' ng,/Kg

GoId as Au (T) , ng/KE

Silver as Ag (T), ng/Kg

Zinc as Zn (T) , n*/KE

BP-8
6-12'l
u062551

<.2

<.2

<.1

(.1

BP-8
t2-75"
u062552

/D

<.1

30. 5

BP-9
0-3tt
u062553

t1

<.2

<.1
/1

al 7

BP-9
3-6 n

u062554

<.2

\.2

<.1

<.1

Rex Henderson
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6100 S. STRATLER
MURRAY, UTAH 84I07
PHONE: (801) 262-7299

FAX: (801) 262-7378

TO: JBR Consultants
1952 E. Fort Union Blvd. STe 209

SaIt Lake CitY, Utah 84121

DATE SUBMITTED: 4-19-91 - Tenneco Barren Pond Liner

CERTIFICATE OF ANALYSIS

BP-9
6-12 "
u062555

<.2

<.2

<.1

<,1

34.6

BP-10
0-3 x

u062556

J. C

3.0
<.1

<.1

cd. v

DATE: 5-07-91

BP- 1O

3-6 "
u062557

0. 60

0.4

<.1

21.6

BP-10
6-!2'l
u062558

<.2

<,2

<.1

35.4

SAMPLE ID:

LAB *:
PARAilETER

Cyanide as CN-T' nglKg

l{AD Cyanide as CNr ng,/Kg

Gold as Au (T) ' ng/Kg

SiLver as Ag (T) t n€/Kg

Zinc as Zn (T) , ng/Kg

Hende rson
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AI'IALYNCALIABOMTORY
6100 S. STRATLER

MURRAY, UTAH 84107
PHONE: (801) 262-7299

FAX: (801) 262-7378
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DATE: 5-07-91

JBR Consultants
1952 E. Fort Union BIvd. STe 209
Salt Lake City, Utah 84121

DATE SUBMITTED: 4-19-91 - Tenneco Barren Pond Liner

CEBTIFICATE OF A}{ALYSIS

SAMPLE ID:

LAB f:
PARAUf,TER

Cyanide as CN-T, ng,/Kg

WAD Cyanide as CN, n8,/Kg

GoId as Au (T) t ng/KE

Silver as Ag (T) , nE/Kg

Zinc as Zn (T), nB/Kg

BP-10
12-15'r
u062559

<.2

<.2

<.1

<.1

37 .4

BP- 11
0-3't
u062560

3.1

2,6

<.1

<.1

38.4

BP-11
3-6 "
u062561

0. 29

<,2

<.1

(.1

BP- 11
6-12't
u062562

<,2

<.2

<.1

<.1

31.9

Henderson


